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Adipocyte fa tty  acid-binding protein (A-FABP), also 
know n as aP 2 and adipocyte lipid-binding protein  (ALBP), 
is  a m em ber of a well-characterized conserved fam ily of 
in tra c e llu la r  lipid-binding proteins, constitu ting  the so- 
ca lled  fa tty  acid-binding proteins (FABPs) and the retinoid  
b ind ing  pro teins. FABPs are thought to bind fa tty  acids 
a f te r  th e ir  translocation  to the cytoplasmic side of the 
p lasm a m em branes and tran sp o rt these ligands to cellular 
o rganelles for /5-oxidation or for triacylglycerol or phospho­
lip id  syn thesis  (10). C urrently, eight FABP types have been 
iden tified  and  are nam ed by the tissue in  which they  were 
f ir s t  detected  (10). No s tru c tu ra l m u tan ts  of FABPs have 
b een  identified  except, recently, an a lan ine to threonine 
su b s titu tio n  in  the hum an in testinal FABP, which is asso­
c ia ted  w ith  increased fa tty  acid binding and tran spo rt, in ­
creased  fa t oxidation, and insulin  resistance (1, 2). In  con­
t r a s t  to all o th er cells, adipocytes show a flux of fa tty  acids 
in  two directions, from the  plasm a m em brane to the  cell
1 To whom correspondence should be addressed. Telephone: 31-24- 
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organelles and, upon horm one stim u la tion  of lipolysis from 
th e  lipid stores, back to the  p lasm a m em brane.
Several genes coding for hum an  as well as m urine FABPs 
have been isolated. All exhibit a four-exon/three-in tron  
struc tu re , bu t the  sizes of th e  in tro n s m ay vary  consider­
ably (10). The chromosomal location of th e  genes shows a 
very dispersed pa tte rn . For instance , th e  hum an  genes cod­
ing  for liver, in testine, ileum , h ea rt, and  m yelin FABPs are 
located on chromosomes 2, 4, 5, 1, and 8 , respectively  (6 ,
10). A sim ilar dispersed location of FABP genes is found 
in  th e  mouse. We report here th a t  FABP4 (nom enclature 
according to th e  Genome D ataB ase), th e  gene coding for 
hum an  A-FABP, maps to 8q21 on the  basis  of PCR screen­
ing of a panel of h u m a n -ro d e n t som atic cell hybrids and 
fluorescence in situ  hybrid ization  on norm al hum an  m e ta ­
phase spreads.
H um an A-FABP was purified and its  cDNA cloned and 
sequenced previously (3), To establish  th e  chrom osom al lo­
calization of FABP4, two prim ers (5'-AGC ACC ATA AGC 
TTA GAT GG-5'; 3 7- ATA CTC TCT CGT ATT CGG TOC­
S ') w ere developed to PCR amplify FABP4 in tro n  3 and 
flanking p a rts  of exon 3 and exon 4 from  h u m an  genomic 
DNA. Sequence analysis of the  am plified 650-bp fragm en t 
using  th e  Sequenase k it (USB) revealed id en tity  to FABP4 
in tron  3. This fragm ent w as used  as a probe to screen  a 
hum an  genomic lib rary  in  k EMBL3. One positive clone 
(A181) of approxim ately 14 kb was obtained. D irect se­
quencing on its  DNA using  the fm ol  DNA Sequencing sys­
tem  (Promega) and th e  prim ers m entioned  before revealed  
the  sequences of in tron  3 and flanking p a rts  of exon 3 and 
exon 4 of FABP4. Clone A181 DNA was subjected to S o u th ­
ern  blot analysis using  th ree  different h u m an  FABP4-spe- 
cific probes, the FABP4 in tron  3 fragm ent, the en tire  
FABP4 cDNA, and an  oligonucleotide th a t  contains codons 
7 -1 3  (exon 1) of the FABP4 coding region. All th ree  probes 
hybridized to the A181 clone DNA,
A som atic cell hybrid panel, w hich consists of monochro- 
m osom al hybrid cell lines of th e  NIGM S M apping P anel 2 
(Coriell Cell Repository), w as analyzed  by PCR using  the 
FABP4 in tron  3 -specific prim ers. A strong  signal of the 
expected size was detected in th e  m onochrom osom al cell 
line containing hum an chromosome 8 and  a m inor b u t re­
producible signal in th e  DNA of a m onochrom osom al cell 
line containing hum an  chromosome 20  (not shown). This 
m inor signal could be due to a  low -frequency presence of 
(parts  of) o ther hum an chrom osom es in  th is  hybrid  line. 
No background signal due to endogenous FABP4 gene am ­
plification was detected in  th e  m ouse an d  h am ste r DNAs. 
To confirm the  chromosomal location, we used fluorescence 
in s i tu  hybrid ization  (FISH), perform ed essen tia lly  ac­
cording to published procedures (8 , 9). Briefly, k  EMBL3 
DNA (1 ¡ig) was labeled w ith  bio tin -14—dATP (Gibco, Life 
Technologies) and the  chromosome 8 centrom ere probe 
(D8Z2) w ith dig-11 -d U T P  (Boehringer) using  a n ick -tran s­
la tion  k it (Gibco, Life Technologies). A to ta l of 250 ng k 
EMBL3 DNA and a 50-fold excess of Cot-1 DNA (Gibco, 
Life Technologies) w ere dissolved in  6 p i  of a hybrid ization  
m ix ture  (2 X SSC/10% dex tran  su lfa te /1% Tween-20/50% 
form am ide). Prior to hybrid ization , th e  probe was heat- 
denatu red  and then  incubated  a t 37°C for 30 m in allowing
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FIG. 1. Localization of FABP4 to human chromosome 8q21 by 
FISH, (A) Computer-enhanced merged image of fluorescein signals 
and DAPI-stained chromosomes in which specific hybridization 
(symmetrical double spots) of the genomic FABP4 probe to chromo­
some 8 is marked (arrow). Chromosome 8 centromeres were visual­
ized by a chromosome 8 centromeric probe (D8Z2), (B) Two chromo­
somes 8 of A have been enlarged. For comparison to the cytogenetic 
banding pattern an idiogram of chromosome 8 is shown. Chromo­
some 8 centromeres were visualized by a centromeric probe (upper 
signals).
preannealing . For D8Z2 20  ng DNA in 6 ¡A hybridization 
solution was used per reaction, and no competitor DNA 
was added. M etaphase spreads were prepared according to 
s tan d ard  procedures. A fter denatu ration  of the slides, 
probe incubations were carried out under a 20 X 20-xnin 
co vers lip in  a m oist cham ber for 48 h. Immunocy to chemical 
detection of th e  \  EMBL3 probe was achieved using fluo­
rescein isoth iocyanate (FITC)-conjugated avidin (Vector 
Laboratories), followed by two amplification steps using 
rabbit-anti-F IT C  (DAKO) and m ouse-anti-rabbi t-FITC 
(Jackson Im m unoresearch  Lab.). The D 8Z2 probe was de­
tected  using anti-digoxigenin-rhodam ine Fab fragm ents 
(Boehringer) and donkey-anti-sheep-Texas Red (Jackson 
Im m unoresearch  Lab.). C ounterstain ing  of the chromo­
somes was done by 4 ',6 d iam idine-2 '-phenylindole dihydro­
chloride (DAPI). A Zeiss epifhiorescence microscope 
equipped w ith  appropria te  filters for visualization of Texas 
Red, DAPI, and  FITC fluorescence w as used. D igital images 
were acquired using  a high-perform ance cooled CCD cam­
era  (Photom etries) coupled to a M acintosh Q uadra 950 com­
p u te r and fu rth e r processed using the  BDS-Image FISH 
softw are package (Oncor). Tw enty norm al m etaphases 
were analyzed, and  over 75% showed a signal for the cen­
trom eric probe of chromosome 8 and an additional FABP4 
signal in  th e  region 8 q21 (Fig. 1). No signal was observed 
on chromosome 20  in  any of the chromosome preparations 
studied.
In teresting ly , th e  PM P2 (peripheral m yelin protein 2 , 
m yelin  FABP) gene m aps to th e  sam e chromosomal region 
(8q21.3-q22.1) (4), Phylogenetic studies have revealed a 
h igh degree of sim ilarity  betw een th e  hum an myelin and 
adipocyte FABPs (7), and com parison of the  coding se­
quences showed a 73% homology (10). Using PMP2 cDNA 
as a tem plate, the p rim er se t did not yield any amplification 
product. F urtherm ore, th e  am plified FABP4 in tron  3 frag­
m en t was 650 bp while in tro n  3 of the PMP2 gene was 
reported  to be approxim ately  1200 bp (4). From  this, we 
conclude th a t th e  coinciding chromosomal locations do not 
re su lt from cross-hybridization of FABP4 and PM P2 gene 
sequences.
There exists an  extended synteny  between hum an  chro­
mosome 8 and mouse chromosome 3, and th e  localization 
of FABP4 on hu m an  chromosome 8 is consistent w ith the 
localization of th e  m ouse FABP4 (Ap2) gene on chromosome
3 (5). In  both cases, the  FABP4 gene has been found in
close proxim ity (2.2 cM in mouse) to the carbonic anhydrase 
II gene. The la tte r  gene is located on hum an chromosome 
8 q l3 -q 2 2 .1 ( l l ) .  These da ta  confirm the  syntenic origin of 
th is  chromosomal segment.
We localized the FABP4 gene to hum an chromosome 
8 q21 using som atic cell hybrid and fluorescence in situ  hy­
bridization techniques. More detailed mapping of the 
FABP4  and PM P2 genes should shed fu rther light on their 
genomic organization and the ir possible common origin.
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Long-chain fatty  acyl-CoAs are transported  into mito­
chondria for oxidation via the carnitine palm itoyltransfer­
ase  system, which consists of three components: th e  outer 
m itochondrial m em brane protein, carnitine palm itoyltrans­
ferase  I (CPT I), and the two inner m em brane proteins, car­
n itin e  palm itoyltransferase II (CPT II) and a carnitine-acyl- 
carn itine translocase (14). Through its inhibition by malo- 
nyl-CoA, the first committed interm ediate in fa tty  acid 
biosynsthesis, CPT I subserves a key regulatory function for 
th e  overall system (14). In  diabetes m ellitus, th is regulation 
is  disrupted, leading to excessive fatty acid oxidation, which, 
in  addition to causing ketoacidosis, im pacts negatively on 
glucose homeostasis, raising the possibility th a t  pharm aco­
logical inhibition of CPT I m ight be of therapeutic  benefit 
fo r such conditions (1, 13). In addition, genetic defects in  
th e  CPT system can lead to serious, and sometimes fatal, 
d isturbances in fatty  acid oxidation (4, 17, 18). Following 
th e  isolation of a cDNA for ra t liver m itochondrial CPT II 
(19) and its  hum an counterpart (7), the hum an liver CPT II 
gene  was localized to chromosome lp32 (8) and has since 
been  characterized in detail (18).
W hile there seems to be a single isoform of CPT II, it has 
b een  suspected for some tim e th a t CPT I exists in  a t least 
tw o  forms, the liver (L-CPT I) and muscle (M-CPT I) vari-
1 To whom correspondence should be addressed at Department of 
Internal Medicine, The University of Texas Southwestern Medical 
Center at Dallas, 5323 Harry Hines Blvd., Dallas, TX 75235-9135. 
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a n ts ,2 which exhibit very d ifferen t k inetic  p roperties and 
sensitiv ity  to malonyl-CoA (15). cDNAs encoding r a t  and  
hum an  L-CPT I (—88 kDa) have now been  cloned (2 , 5), as 
has th e  cDNAfor ra t M-CPT I (6 , 20). C uriously, the  muscle 
p ro tein  (also predicted to be ~ 8 8  kD a) w as found to  be 
expressed in r a t  brown and w hite adipocytes as well (6 ).
Using the cDNA for ra t muscle mitochondrial CPT I as a 
probe, we isolated its counterpart from a hum an heart cDNA 
library using standard methodology (16). Both the nucleotide 
sequence of the human cDNA and the predicted prim ary struc­
ture of the protein (GenBank, Accession No. U62733) proved to 
be very similar to those of the ra t enzyme (84.6 and 85.9% 
identity, respectively). Screening of a hum an genomic library 
with the newly obtained cDNA yielded a positive clone from 
which a 2.3-kb fragment was analyzed. Partial sequencing re­
vealed the presence of two complete exons, three complete in­
terns, and fragments of a t least two additional exons.
To determ ine the chromosomal locus of the M-CPT I gene, 
fluorescence in situ  hybridization (FISH) was employed (10, 
11). Briefly, the 2,3-kb hum an M-CPT I fragm ent was sub­
cloned into a plasmid vector and labeled w ith b io tin -dA T P  
using the BRL BioNick labeling kit. After overnight hybrid­
ization in a mixture th a t contained 50% formamide, 10% dex- 
tra n  sulfate, and labeled probe, slides of fixed hum an lympho­
cytes (blocked a t metaphase) were washed and subjected to 
the procedures described previously for detection of FISH  
signals and the DAPI (4; 6-diamidino-2-phenylindole) band­
ing pa tte rn  (12). Under the conditions used, the hybridization 
efficiency of the hum an muscle gene fragm ent probe w as ap­
proxim ately 95% (among 100 checked mitotic figures, 95 
showed signals on one pair of the chromosomes). Since the 
DAPI banding pattern  was used to identify the specific chro­
mosome, assignment of the signal from the probe to the  long 
arm  of chromosome 22 was possible. No additional locus was 
detected. Analysis of 10 independent photographs localized 
the gene to chromosome 22ql3.3 (Fig. 1). F u rth e r refinem ent 
of the  gene’s position was obtained by radiation  hybrid m ap­
ping (RHM) using the Stanford G3 (3) and Genebridge G4 
(9) hybrid panels together with oligonucleotide prim ers spe­
cific for an  exon and its contiguous dow nstream  intron w ithin 
the M-CPT I gene. The G3 vector placed the M-CPT I gene
8.5 G3 cR (1 G3 cR = 30 kb) from the  arylsulfatase gene th a t 
maps to 22ql3.31 on the Location D ata Base (LDB) in te­
grated  map. The G4 vector localized M-CPT I a t 0.1 G4 cR 
(1 G4 cR = 270 kb) from the W hitehead fram ework m arker 
WI-8917 (D22S1254), indicating th a t it resides w ithin regions 
22ql3.31 and 22ql3.32 on the LDB map.
We had previously m apped the gene for hum an  L-CPT I 
to chromosome l lq ,  based on som atic cell hybrid ization  
stud ies (2 ). Applying th e  FISH  procedure as described 
above and using a fragm ent of th e  L-CPT I genomic clone 
(2 ) as a probe, the gene was readily  located in  the  region 
of 13.1 to 13.5 of chromosome l l q  (Fig. 1). This conclusion 
is supported by RHM studies th a t  placed th e  gene w ith in  
1 Mb of the  D11S987 m arker on th e  LDB m ap of chrom o­
some 11 (studies conducted by D. K. B urns and  D. P. Yar- 
nall in  ano ther context and  to be published  elsew here).
2 The HGMW-approved symbols for the genes described in this 
paper are CPT1A and CPT1B.
